Hashimoto encephalopathy (HE) is believed to be an immune-mediated disorder associated with Hashimoto's thyroiditis. It was suggested that neuropsychiatric symptoms, the presence of antithyroid antibody, and good response to steroids were important for the diagnosis of HE. It has been reported that homovanillic acid (HVA) and 3-methoxy-4-hydroxyphenylglycol (MHPG), which are monoamine metabolites of dopamine and noradrenaline, respectively, are the possible biomarkers of neuropsychiatric diseases. We report a case of Hashimoto encephalopathy, in which we longitudinally measured the plasma levels of monoamine metabolites. A 52-year-old woman developed acute psychosis, and was admitted to the psychiatric ward of our hospital due to psychotic state, 6 days after a traffic accident. An extensive evaluation showed no remarkable findings, except an increase in antithyroglobulin antibodies. Plasma levels of HVA and MHPG were extremely high at 66.5 and 41.8 ng/mL, respectively. On day 16, 50 mg/day oral prednisolone was administered, which improved her psychotic symptoms. Plasma levels of HVA and MHPG decreased to 7.2 and 9.9 ng/mL, respectively, on day 19. After the temporary worsening of psychosis and increase in plasma levels of HVA and MHPG, the dosage of prednisolone was tapered and low-dose risperidone was started. Her psychiatric symptoms gradually improved and plasma monoamine metabolite levels decreased again (HVA: 17.9 ng/mL; MHPG: 7.7 ng/mL). Although autoimmune mechanism has been suggested to be involved in HE, neural mechanism and pathogenesis of HE remain unknown. Our findings suggest that monoaminergic neural activity might be associated with psychotic symptoms in patients with HE and plasma levels of monoamine metabolites might be useful as state markers.
Introduction
Hashimoto encephalopathy (HE) is believed to be an immune-mediated disorder associated with Hashimoto's thyroiditis. In 1966, Brain et al described a 49-year-old man with Hashimoto's disease, who had various neuropsychiatric symptoms. 1 In 1991, Shaw et al described five patients with encephalopathy who responded to steroid, and reported that the activity of encephalopathy was associated with high antithyroid antibody titers. 2 They called the encephalopathy "Hashimoto encephalopathy", and suggested that neuropsychiatric symptoms, presence of antithyroid antibody, and good response to steroids were important for the diagnosis of HE. Clinical diagnosis of HE is important, but difficult because HE includes various neuropsychiatric symptoms such as disturbance of consciousness, hallucinations, delusions, cognitive dysfunction, and personality changes. Moreover, there are few biomarkers for diagnosis of HE except for antithyroid antibody, and its underlying biologic basis remains unclear. 
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Horikoshi et al Homovanillic acid (HVA) and 3-methoxy-4-hydroxyphenylglycol (MHPG) are major metabolites of dopamine and noradrenaline, respectively. Plasma levels of HVA and MHPG were the possible biomarkers for psychiatric disorders including schizophrenia and delirium, 3 and the changes in plasma monoamine metabolite levels were associated with the response to antipsychotics. 3, 4 Here, we report a case of HE, in which we longitudinally measured the plasma levels of monoamine metabolites. In our department, we longitudinally measured plasma levels of monoamine metabolites in psychiatric inpatients using high-performance liquid chromatography, and this protocol was approved by the ethics committee of Fukushima Medical University. Written informed consent was obtained from the patient to publish this article.
Case report
A 52-year-old woman with faithful and mild personality who has never had medical or psychiatric history and drug/alcohol abuse and dependence was admitted to orthopedic hospital for neck pain after a traffic accident. She was diagnosed with contusion of neck and received painkillers. Three days after the traffic accident, she developed delusions, visual and auditory hallucinations, and her speech became incoherent. Although she was voluntarily discharged from the hospital after 5 days of admission, hallucinations and delusions lasted and she became agitated and violent. She was admitted to the psychiatric ward of our hospital due to psychotic state with disorientation and agitation, 6 days after the traffic accident. On admission (day 1), her physical and neurologic examinations (brain computed tomography, usual blood tests including levels of serum electrolytes, fasting blood glucose, and renal and liver function) showed no remarkable findings. But considerable changes were observed in the plasma levels of HVA and MHPG on admission; the level of HVA was 66.5 ng/mL (normal range for 50-60-year-old subjects, 4.0-15 ng/mL) and the level of MHPG level was 41.8 ng/mL (normal range, 4.0-7.0 ng/mL). Brain magnetic resonance imaging and whole-body computed tomography, electrocardiogram, and chest X-ray were all normal. Thyroid stimulating hormone and free T3 were normal, but free T4 was slightly elevated with 1.79 ng/mL (normal range, thyroid stimulating hormone: 0.50-5.00 μIU/mL; free T3: 2.30-4.00 pg/mL; free T4: 0.90-1.70 ng/mL). Thyroid autoantibodies tests indicated normal titrates of antithyroid peroxidase antibodies 7.7 IU/mL (normal range, 0.0-15.9 IU/mL), but elevation in titrates of antithyroglobulin antibodies (anti-TG) 92.3 IU/mL (normal range, 0.0-27.9 IU/mL).
The clinical course after admission is summarized in Figure 1 . A diagnosis of HE was suspected because of the extensive negative work-up, disturbance of consciousness and psychotic symptoms, and positive anti-TG. On day 16, oral prednisolone (PSL) 50 mg/day was administered. Disorientation, hallucinations, and delusions dramatically improved after the administration of PSL, and plasma levels of HVA and MHPG decreased to 7.2 and 9.9 ng/mL, respectively, on day 19. On day 27, hallucinations and delusions appeared again, and plasma levels of HVA and MHPG increased to 33.1 and 22.4 ng/mL, respectively, on day 33. After that, since a diagnosis of steroid psychosis was suspected, the dosage of PSL was decreased to 45 mg/day and risperidone was started at 2 mg/day. Subsequently, her hallucinations and delusions were alleviated. PSL was tapered, and her psychiatric symptoms gradually improved. On day 82, plasma levels of HVA and MHPG were 17.9 and 7.7 ng/mL, respectively.
Discussion
To our knowledge, this is the first case report where plasma levels of monoamine metabolites were measured in a patient with HE. In this patient, high plasma monoamine metabolite levels were observed with psychotic symptoms such as delusion and hallucination. The clinical features and the findings in titrates of anti-TG met both the criteria of Shaw et al 2 and Peschen-Rosin et al 5 for HE, leading to the diagnosis of HE, although we could not rule out the possibility of concussion because she developed psychosis symptoms after the traffic accident. Additionally, it is difficult to differentiate this HE from encephalopathy associated with autoimmune thyroid 
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Hashimoto encephalopathy disease which is also called Hashimoto encephalopathy, a rare condition that occurs in patients with clinical or subclinical autoimmune thyroid disease. 6 Notably, extremely high plasma levels of HVA and MHPG were observed, and these levels changed in parallel with the clinical course of psychotic symptoms, indicating that hyperactivity of dopamine and noradrenaline was associated with the psychotic symptoms in this case. This is consistent with a previous study suggesting that plasma HVA and MHPG levels are associated with psychotic or excitement symptoms in patients with schizophrenia. 7 Moreover, a previous report 8 has demonstrated that plasma levels of HVA and MHPG were increased in systemic lupus erythematosus patients with psychiatric symptoms, which is consistent with our findings. The findings in this case suggest that dopaminergic and noradrenergic functions might play a role in the development of psychotic symptoms in patients with HE, and plasma levels of HVA and MHPG might be useful as state markers.
It has been reported that the monoaminergic neural system was involved in other symptomatic psychosis, such as hepatic encephalopathy and delirium. [9] [10] [11] Patients with symptomatic psychosis have a lot of psychological symptoms, such as hallucination, delusion, mania, depression, dementia, and disturbance of consciousness. However, much of the mechanism and pathogenesis of symptomatic psychosis remains unknown. The possible causes of symptomatic psychosis including HE may be associated with abnormalities of the monoaminergic neural transmission, particularly in patients with psychotic symptoms like this case.
In summary, extremely high plasma levels of HVA and MHPG were observed in a case with HE. Dopaminergic and noradrenalinergic neural activity might be associated with psychotic symptoms in patients with HE or other symptomatic psychosis. Plasma levels of HVA and MHPG are possible biomarkers of psychosis and may also be useful as indicators of treatment response to antipsychotics.
Further studies with a large sample size are needed to confirm and extend these findings.
